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Preliminary and Short Report
ON THE SPECTROSCOPIC PROPERTIES OF SOME NATURAL
MELANINS*
M. S. BLOTS, M.D., PaD.
Although it is the color of melanins that has
given them both their name and a characteristic
appearance, the optical spectroscopy of the sub-
stances has not been particularly rewarding. In
the near ultraviolet and visible regions the ab-
sorption spectrum of squid melanin, for example,
is a structureless, smooth curve (Fig. Ta) with an
absorption coefficient decreasing with increasing
wavelength. This spectrum was obtained with a
squid melanin dispersed in the dry state in a
pellet of KBr and using a Cary Model 14 recording
spectrophotometer, and is uncorrected for scatter-
ing. It would be expected, therefore, that the true
absorption would be much flatter. The absorption
of melanins in similar sample form is shown for
the near and far infrared in Figure lb and Figure
lc. Only in the latter region are there any dis-
tinctive absorption bands. Bonner and Duncan
(1) had previously reported that there appeared
to be species' differences in the IR absorption
spectra of melanins, although in our hands IR
speetroscopy had not been sensitive to the known
chemical differences of the samples of Figure lc.
In addition to optical spectroscopy, the mela-
nins had been first shown by Commoner, Town-
send, and Pake (2) to be suitable for study by
means of electron spin resonance spectroscopy
(e.s.r.)t and several such observations have been
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t Electron spin resonance (e.s.r.) absorption
spectroscopy is a fairly recent experimental
method for studying the properties of unpeired
electrons—largely those which give rise to free
valences—in atoms and molecules. In the case of
optical spectroscopy, atoms or molecules may ab-
sorb a quantum of light energy, and in so doing
undergo a transition to an excited state. Ordi-
narily, the reverse transition soon ensues, and
this extra energy is emitted as light. The energy
levels concerned in e.s.r. spectroscopy are much
more closely spaced in terms of energy, and un-
like those engaged in optical transitions, their
separation may be changed by placing the sample
in a magnetic field. Transitions in e.s.r. corre-
spond only to absorption, as the atomic systems
have means of giving up this added energy by
conversion to thermal energy. The e.s.r. technic
then consists in applying to the sample a prede-
termined magnetic field, and at the same time
"illuminating" it with electromagnetic energy. It
reported (3, 4). These reports have shown that all
melanins are paramagnetic and give an e.s.r. ab-
sorption, that these e.s.r. absorption lines occur
near g n 2 (which is characteristic of a free radi-
cal signal), and consist of a single line having a
width in the range of 5—10 gauss. Figures 2a
through 2d show the e.s.r. absorption spectra of a
number of natural melanins which illustrate these
common features. Until recently, no systematic
differences between the e.s.r. spectra of natural
melanins, synthetic melanins produced enzymati-
cally, or polymers prepared by autoxidation, had
been observed.
From an intensive study of melanin degrada-
tion products, Nicolaus, et el (5) have concluded
happens that the appropriate quantum energies to
induce the desired transitions corresponds to elec-
tromagnetic radiation in the microwave region.
For instrumental reasons, the absorption lines
themselves are not usually displayed, but rather
the derivatives of the absorptions. Since the de-
rivative of a single absorption line consists of an
upgoing peak followed by a downgoing one,, one
can count the number of absorption lines in a
complex spectrum by merely counting the posi-
tive (or negative) peaks only, in the derivative
spectrum.
The ordinate in an e.s.r. spectrum is simply ab-
sorption, as in optical absorption spectroscopy.
The abscissa is expressed most conveniently in
terms of "g-value" which is related to the ratio
of the microwave frequency to the magnetic field
strength. Simple free radicals have spectra with
g-values near 2 and since this quantity may be
determined with considerable precision (to six
places or so) a given free radical may thereby be
characterized.
The e.s.r. technic yields several types of infor-
mation: the mere occurrence of an absorption in-
dicates the presence in the sample of unpaired
electrons (which may be due to certain metals,
free radicals, triplet states, etc.), the spectrum may
contain hyperfine structure which in turn may in-
dicate the molecular structure of the radical, the
g-value ,may distinguish between metal ions and
free radicals or may confirm the tentative identi-
fication of a free radical. The fact that all mela-
nins give an e.s.r. absorption, means then that
there are unpaired electrons in this pigment. The
g-value of the melanin signals suggests that they
are due to free radicals. Finally, it should be re-
membered that unpaired electrons are rare, stable
biological molecules generally do not contain
them, and in this important respect, melanin ap-
pears to be unique. For further details the reader
is referred to Free Rodicols in Bioloqicol Systems,
Ed. M. S. Blois, et al, Academic Press, New York,
1961.
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FIG. 1. (a) Optical absorption spectra—ultraviolet and visible: Curve (1) 0.1 mg of squid
melanin dispersed in a 300 mg KBr pellet, (2) 0.3 mg of charcoal in a similar pellet, (3) 0.1
mg of graphite in a similar pellet.
(b) Optical absorption spectra—near infrared: Curve (1) 2 mg of squid melanin dispersed
in a 300 mg KBr pellet, (2) and (3) Same samples as in previous figure.
(c) Optical absorption spectra—far infrared: Curve (1) Squid melamn, (2) Catechol mela-
nin (autoxidized) (3) L-DOPA melanin (autoxidized) (4) hydroquinone melanin (autoxi-
dized), (5) graphite, and (6) charcoal—all of which were dispersed in KBr pellets. (The
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FIG. 2. The e.s.r. spectra (derivative display) of natural melanin samples observed with
the loose powders. (Sensitivity and modulation amplitude settings refer to the Varian e.s.r.Spectrometer; All = line width in gauss betweea indicated inflection points).
that the melanins of animal origin (mammalian,
avian, and cephalopodian) are polymers of indole.
However, the melanin of Ustilago Maydis was
shown (6) to be a polymer of catechol, and the
melanins obtained from a number of plant seeds
were shown to give similar degradation products.
Through the kindness of Professor Nicolaus,
aliquots of the purified natural melanins used in
his chemical studies were made available to us.
The e.s.r. spectrum obtained with the Uslilago
melanin (Fig. 3) is of particular interest since it
is the first example of a melanin showing further
spectral structure. The weak additional lines
shown in this figure were reproducible and could
be obtained on other nliquots of the same pig-
ment preparation. The polymer prepared by the
autoxidation of catechol under mild alkaline con-
ditions did not show this additional structure.
These purified natural melanins were then dis-
persed in KBr pellets and the infrared spectra
were recorded as shown in Figure 4. The compari-
son of the upper two spectra is interesting in that
the JR spectrum of the autoxidizcd catechol poly-
mer and that of the Ustilago melanin are different
as in the case of the e.s.r.
Because of the likelihood that all these sub-
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stances are random, three dimensional, polymers
(4, 7) consisting of several types of monomer, the
broad JR absorptions are to be expected, and the
potential usefulness of this type of spectroscopy
MELANIN
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SENS. 100
MOD. 0.48 GAUSS
EsH =6.0 GAUSS
Fic. 3. The e.s.r. spectrum of Uslilago melanin(derivative display—The inflections on either side
of the principal absorption are the satellites re-
ferred to in the text).
is very much restricted. Jn the case of e.s.r., the
difficulty of solubilization and the resulting in-
complete averaging of the anisotropy by molecu-
lar tumbling results in the broad asymmetric
absorption and reduces the amount of information
that one may obtain when compared, for exam-
ple, with the individual semiquinone free radicals
in solution. Jn the case of the e.s.r., however, the
fact that melanins have been shown to be con-
sistently paramagnetic has been of considerable
importance since these results support the con-
cept that melanin may he produced by an in viva
free radical polymerization (4, 7).
Jf we assume that one of the important bio-
logical functions of melanin is to absorb with
nearly uniform effectiveness a broad range of near
ultraviolet wavelengths, then clearly the property
displayed in Figure la represents a neat solu-
tion to a difficult biological problem. Jf one sets
out in the laboratory to prepare a black pigment,
the only known methods are to produce a random
polymeric material like melanin or to employ
finely divided electrically conducting particles
(lamp black, charcoal, or colloidal metal pow-
ders). There is indirect evidence suggesting that
this "perfect sunscreen", or a close approximation
to it, probably antedated the appearance of life
itself on earth (8).
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Fm. 4. The infrared spectra of several natural melanins and of catechol melanin (autoxi-
dized). These samples were prepared by dispersion in KBr pellets. (Absorption increasing
downward, and wavelength to the right as in Fig. ic).
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